Introduction
A maxillary central incisor is the tooth most commonly affected by dental injury [1] . A missing maxillary central incisor can cause esthetic, psychological, and functional problems. The missing incisors need to be replaced with prosthesis such as implants. Orthodontic space closure [2] or autotransplantation with an immature premolar [3] can be alternative treatment plans. If the patient requires extraction of some teeth to relief crowding or to improve facial esthetics and occlusal function, the orthodontic space closure can be a better treatment approach than prosthetic replacement. Therefore, the position of missing tooth, occlusion, age, facial morphology, tooth morphology, and need for orthodontic treatment should be considered for the treatment plan.
The maxillary lateral incisor usually has been used as a substitute for a missing maxillary central incisor by orthodontic tooth movement [2, 4] . Infrequently, it is more favorable for an orthodontic strategy that the contralateral central incisor replaces the missing central incisor by moving across the midline. Cookson [5] presented a case report in which a maxillary right central incisor was moved across the midline to replace a left central incisor that was extracted due to a fusion. Follin [6] also presented a case report in which a left maxillary incisor was moved into the midline to close the space of right central incisor which was removed due to an odontoma. Other successful orthodontic movements of the maxillary central incisors to the contralateral side were reported in gemination cases [7, 9] , and dental trauma cases [10, 11] .
The animal study wherein the central incisors were moved across the midline showed that the midpalatal suture was distorted in the direction of tooth movement in the young beagle dogs, whereas in the older beagle dogs whose sutures were already closed, the central incisors were moved across the midpalatal suture [12] . Most previously reported cases were initiated during the growth period in which the midpalatal sutures were patent [6, 10] . In the recent report by Garib et al. [11] ,
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This case report presents the orthodontic movement of a maxillary central incisor across the midline in an adult patient. In addition, the effects of this alternative treatment on the midpalatal suture, nasopalatine foramen, labial frenum, and root apex of the central incisor are described.
Diagnosis and etiology
A 22-year-old man was referred to the Department of Orthodontics with the chief complaint of a missing maxillary right central incisor (Figure 1) . Dental history showed a traumatic episode on the maxillary right central incisor one year ago. The patient showed a straight soft tissue profile and facial symmetry, but the nose deviated slightly to the left side. Intraoral examination showed a one-quarter cusp Class II molar relationship on the right side, a three-quarter cusp Class II molar relationship on the left side, and 2 mm of upper dental midline deviation to the left side. The maxillary left lateral incisor which was positioned palatally and overlapped with the left central incisor, showed crossbite with lower incisors. There was a moderate anterior crowding in the mandibular arch. The panoramic radiograph revealed a slight short root of the maxillary left central incisor.
In the cephalometric analysis (Table 1) , the patient had a mild Class II and vertical skeletal pattern (ANB 4.6° and FMA 27.1°). The maxillary left central incisor was severely retroclined (U1 to FH, 90.5°), but the mandibular incisor was within normal limits (L1 to MP, 88.1°).
Treatment objectives
The treatment objectives were to close the space of the missing maxillary right central incisor, to align the maxillary and mandibular anterior teeth, and to achieve a good occlusion as a fully interdigitated Class II molar relationship on the left side by mesial movement of the left posterior teeth.
Treatment alternatives
Two different treatment alternatives were considered. The first option was to replace the maxillary right central incisor with an implant and extract the maxillary left lateral incisor (Figure 2A) . The second treatment option was to close the space by moving the maxillary left central incisor across the midline and to move the left lateral incisor to the position of the left central incisor ( Figure 2B ). Both treatment options included moving mesially the maxillary left canine as a substitute for the left lateral incisor, and establishing a Class I molar relationship on the right side and a full Class II molar relationship on the left side. The options were proposed to the patient. Finally, the second alternative was chosen to avoid the implant and additional extraction of the natural tooth.
Treatment progress
MBT prescription self-ligating brackets (Clippy-C, 0.022-×0.028-inch slot, Tomy, Japan) were bonded in the maxillary teeth. Leveling and alignment were initiated with 0.014-inch nickeltitanium (NiTi) arch wire ( Figure 3A) , followed by 0.018-inch stainless-steel (SS) arch wire. The left central incisor was moved to the right side across the midline using the compressed open coil spring ( Figure 3B ).
To establish a full Class II molar relationship on the left side, the left posterior teeth were mesially moved with the miniscrew placed between the first and second premolars ( Figure 3C) . After nine months of treatment, the left central incisor was successfully moved to the contralateral side, then, the maxillary left lateral incisor was labially moved using 0.014-inch NiTi arch wire overlayed onto the 0.018-inch SS arch wire (Figure 3D) , followed by 0.019-×0.025-inch beta-titanium arch wire with L-loops for the torque control of the left lateral incisor.
After 18 months from the beginning of treatment, the mandibular teeth were bonded with brackets and aligned using 0.016-, 0.016-×0.022-, and 0.019-×0.025-inch NiTi arch wire for 12 months. After completion of leveling and alignment in the maxillary and mandibular arch, correction of the dental midline and molar relationship was accomplished with both miniscrews anchorage and a Class III interarch elastic on the left side ( Figure 3E) . The maxillary right posterior teeth were slightly distalized, and the maxillary left posterior teeth were mesialized. The duration of treatment was three years and six months.
After removal of the fixed orthodontic appliances, the mesially moved maxillary left canine was recontoured for esthetics. The patient was referred to the Department of Prothodontics to reshape the left central and lateral incisor as the right and left central incisors with porcelain veneer crowns. Maxillary and mandibular retention was performed with bonded canine-tocanine fixed retainers.
Results
The soft tissue profile remained facial harmony with minimally changed lips (Figure 4) . The maxillary right central incisor was successfully replaced with the left central incisor. An ideal overjet, overbite, coincident dental midlines, and better interdigitations of the posterior teeth were achieved.
In cephalometric superimposition, the retroclined maxillary central incisor was protruded in ideal position and inclination ( Figure 5 and Table 1 ). In evaluation of the three-dimensional digital models superimposed using the palatal surface as reference area [13] , the maxillary left central incisor was moved 9 mm to the right side across the midline and tipped labially 5 mm (Figure 6) In the comparison of serial periapical radiographs, however, the root resorption of the maxillary left central incisor developed during the treatment (Figure 7) . In the cone-beam computed tomography (CBCT) images taken at five months after removal of the orthodontic appliances, the midpalatal suture was observed to be deviated to the right side (Figures 8A and 8B) . 5 
Archives of Oral and Dental Research
An et al. 2014 The incisive foramen was also distorted in the same direction of tooth movement ( Figure 8E) .
The extraoral and intraoral photographs at five months of postretention showed a stable occlusion and esthetic smile by orthodontic and prosthetic treatment without any relapse (Figure 9 ).
Discussion
In most previous case reports [6, 10] , the patients were treated during the growth period in which the midpalatal sutures were patent. They showed that the central incisors, which moved across the midline, did not pass through the midpalatal suture, but the suture was distorted in the same direction of tooth movement. These results were in agreement with the results in the young beagles by Follin et al [12] . On the other hand, they reported that in the old beagles the central incisors moved across the midpalatal suture without any impediment. The present case was performed in an adult patient whose palatal suture was expected to be closed, and the maxillary left central incisor was successfully moved to the position of the right central incisor. In the CBCT image, however, the central incisor did not pass across the midpalatal suture ( Figure 8B) . The reason may be that as shown in the CBCT image (Figure 8A) , the midpalatal suture was still open although the patient was 26 years old. The midpalatal suture from birth to adulthood is known to become wavy and interdigitated with aging [14] . According to Persson and Thilander [15] , marked closure is hardly observed until the third decade of life. Consequently, it remains a question whether the central incisor can move across the closed midpalatal suture in humans.
The tooth movement across the midline did not affect the nasopalatine canal (Figures 8C and 8D) , and it was in accordance with the findings of Bosio et al [10] . However, the incisive foramen, the palatal orifice of the nasopalatine canal for the nasopalatine nerve and artery, was distorted in the direction of tooth movement ( Figure 8E) . The soft tissue tension associated with the incisor movement across the midline might change the incisive foramen by bone remodeling process. Although there were no clinical symptoms in the present case, it may need to carefully consider the spatial position between the maxillary central incisor and the incisive foramen during this treatment.
In the comparison of Figures 7A and 7B , no obvious sign of root resorption was detected during the initial movement of the left central incisor across the midline, but significant root resorption was observed after removal of orthodontic appliances (Figures 7D and 7E) . Follin et al., [12] showed root resorption of the cementum and dentin in old animals with closed midpalatal suture. However, the midpalatal suture of the present case was not closed. The other factors for root resorption may be the dental trauma prior to orthodontic treatment. Brin et al., [16] reported that the prevalence of root resorption was higher in orthodontic patients with traumatized teeth than in orthodontic patients with intact incisors and control group. Also, it has been An et al. 2014 reported that abnormal root shape such as blunted, short, pipette, or dilacerated shape, as well as long duration of treatment were related with higher risk of root resorption [17, 18] . The patient in the present case had a history of dental trauma on the maxillary incisor region, and the root of left central incisor and lateral incisor showed short and dilacerated shape at the pretreatment radiography. In addition, the duration of treatment was too long, because the leveling in the mandibular arch was initiated after correction of the crossbite of the lateral incisor. The frenum and gingival tissue tend to move in the direction of tooth movement [19] . The remodeling of the fibrils between maxillary frenum attachments and the alveolar process need a very long period [20] . To prevent the reopening of the space, fixed lingual retainer or frenectomy were recommended by many authors [7, [9] [10] [11] . In the present case, the fixed lingual retainer was used without frenectomy, because the patient showed that the insertion of frenum was far from the alveolar ridge.
There was no bleeding on probing, even though a generalized alveolar bone resorption were observed around the anterior teeth from the initiation of treatment ( Figure 7A) . The irreversible periodontal changes such as gingival recession and the progressive alveolar bone loss did not occur during the orthodontic treatment and the retention period. The fixed lingual retainer may protect the anterior teeth from the occlusal force which would be a traumatic force to the periodontally destroyed teeth.
Some clinical procedures may improve the orthodontic results in cases of missing maxillary incisors. It includes: (1) mesiodistal positioning and angulation of mesially moved lateral incisor, (2) intrusion of the lateral incisor and extrusion of the canine to achieve optimal alveolar bone height and gingival contours, (3) recontouring of the canine cusp, (4) mesial rotation of the first premolar, (5) and gingivectomy on the lateral incisor to increase clinical crown height [2, 21] . In the present case, the inclination of the left lateral incisor was not fully corrected due to apical root resorption. The maxillary left first premolar was not mesially rotated because there was no occlusal interference between the palatal cusp of the first premolar and the lower canine. The gingivectomy on the left lateral incisor for esthetics
